Toward an understanding of the unexpected regioselective hetero-Diels-Alder reactions of asymmetric tetrazines with electron-rich ethylenes: a DFT study.
The regioselective hetero-Diels-Alder (HDA) reaction of asymmetric tetrazines (TTZs) with electron-rich (ER) ethylenes has been studied with use of DFT methods at the B3LYP/6-31G* level of theory. The reaction is a domino process that comprises three consecutive reactions: (i) a HDA reaction between the TTZ and the ER ethylene; (ii) a retro-Diels-Alder reaction with loss of nitrogen; and (iii) a beta-hydrogen elimination with formation of the final pyridazines. The first polar HDA reaction, which is associated to the nucleophilic attack of the ER ethylene to the electrophilically activated TTZ, is the rate and regioselectivity determining step of the domino process. The unexpected regioselectivity of these HDA reactions is explained within the polar cycloaddition model by using the conceptual DFT. Although the nucleophilic attack of the ER ethylene over the para position relative to the methylsulfinyl substituent could favor the charge transfer, it is energetically more unfavorable because it diminishes the electron density at the electronegative TTZ core.